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Spirulina (Arthrospira) platensis a filamentous multi cellular cyanobacterium utilized as animal feed and human food 
supplement. This cyanobacterium is also a rich source of value-added pigments with diverse applications in the food 
industry, pharmaceuticals and molecular biology. This report describes a procedure for enhancement of the yield of value-
added pigment; c-phycocyanin (CPC) through the manipulation of salinity of the medium. The increase in salinity (sodium 
chloride-NaCl) from 0 to 3 g l-1 of the prescribed growth medium resulted in a considerable increase (11.83%) in CPC 
content. Growth of the organism and the purity of the CPC were not affected at elevated salt concentration. However, a 
further increase in the salinity (NaCl) from 3 to 7 g l-1 resulted in a  decline in the content (26.67%) and purity (31.13%) of 
CPC. Considering the enhanced growth and CPC content through the manipulation of the concentration of the salt NaCl in 
the medium, it is concluded that a moderate amount of the salt (3 g l-1 NaCl) in the medium is a feasible and  
cost-effective approach for obtaining elevated protein biomass and enhanced the yield of the value-added pigment  
CCPS. 
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Introduction 
The World Health Organization (WHO) has named 
Spirulina as one of the best health food of the 21
st
 
century. It is a rich source of proteins, vitamins, 
minerals and nutrients which can be used as a food 
supplement for the malnutrition. Currently, S. platensis 
is cultured at large scales with wide-ranging 
applications of the biomass as a food supplement, food 
colourant, bioactive compounds for pharmaceuticals, 
aquaculture feed and cosmetic products
1
. In view of the 
growing demand of the biomass and the products 
recovered through down-stream processing of the 
biomass, there is a growing interest in developing the 
protocols for enhancement of the yield through 
manipulation of the composition of growth media. In 
this context, attempts were made to utilize seawater, 
inland saline water and wastewater for biomass 
production of S. platensis
2-3
. However, low-quality 
water is not desired for food-grade biomass production. 
Therefore, an alternative approach of enhancement of 
yield through manipulation of growth medium 
constituents is considered to be a better option. With 
this perspective, the present investigation aimed to 
enhance the biomass production and phycocyanin 
content in the biomass through simple manipulation of 
salt concentration in the prescribed growth medium. 
Zarrouk medium
4
 with a low salt concentration (1 g ml
-1
) 
is typically used for mass production of Spirulina. The 
media prescribed by Nallayam Research Center (NRC) 
Chennai, India and referred as NRC medium;  
cost-effective commercial media for Spirulina mass 
culture commonly used in India, which contained 5 g l
-1 
NaCl concentration. The modified NRC (m-NRC) 
medium was developed by replacing sodium nitrate 
and dipotassium hydrogen phosphate (anhydrous) 
instead of urea and phosphoric acid in the NRC 
medium
5
. In the present study, standard chemical 
compositions (except NaCl) in m-NRC media were 
tested with different salt concentrations (NaCl) to find 
out the salinity mediate variation on growth rate and 
the pigment quality in S. platensis. 
 
Materials and Methods 
Micro-algal Species and Maintenance of the Mother Culture 
The pure cultures of Spirulina (Arthrospira) 
platensis maintained in micro-algal laboratory of 
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Aquatic Environmental Management Department of 
ICAR – Central Institute of Fisheries Education 
(CIFE) were used for the present study. The mother 
culture was maintained using an airlift culture 
technique in an aspirator bottle (20 l) in the indoor 
condition with sterile standard m-NRC medium  
(Fig. 1). The continuous aeration was supplied of 20 l 
min
-1
 by 0.016 MPa pressure using an electrical 
magnetic air pump (Yuting AC0-001, China). The 
culture in the reservoir was continuously stirred  
(200 rpm) by using a magnetic stirrer with a teflon 
coated bar (3″). The air temperature 25.40 ± 1.50
o
C 
and 12 h day
-1 
photoperiod with the light intensity of 
5300 ± 23 LUX (LT Lutron Light meter LX-103, 
Taiwan) was maintained by fluorescent lamps (40 W). 
Mother culture was started to maintain 14 days prior 
to the experiment. The optical density of the culture 
was tested daily (Motras Scientific (MS) UV Plus 
with advanced microprocessor-based double beam 
ultra-violet visible spectrophotometer, India) at  
750 nm wavelength to ensure the proper growth of the 
culture. Biomass collected from this mother culture 
was washed three times with de-ionized water  
to remove the salts and used as inoculum in the 
present study. 
 
The Experimental Setup 
The experimental media were assigned 
abbreviations for control (C) and four treatments T1, 
T2, T3 and T4 corresponding to concentrations 1, 3, 5 
and 7 mg l
-1
 NaCl. The concentrations in prescribed 
medium were: NaHCO3 (8 g l
-1
), NaNO3 (2.5 g l
-1
), 
K2HPO4 (0.5 g l
-1





), FeSO4.7H2O (0.01 g l
-1
). The experiments 
were conducted in 1 litre Erlenmeyer flask in batch 
cultures for 14 days. The flasks were regularly shaken 
twice in a day for homogenizing the cultures and also 
to avoid clumps of the algal filaments. The room 
temperature during the experiments was 26.40 ± 
0.80
o
C and light intensity of 5000 ± 23 LUX was 
maintained on the surface of the culture vessel. The 
lux meter (LT Lutron Light meter LX-103, Taiwan) 
was used for the measurement of light intensity. The 
photoperiod during the culture period was 12:12 hour 
light : dark period per day. The initial cell density was 
0.026 ± 0.0002 g l
-1
 fresh weight in the control and for 
the treatments. 
 
Analysis of Growth Performance 
The optical density of the culture was  
measured daily using a double-beam UV-visible 
spectrophotometer (Motras Scientific Pvt Ltd,  
New Delhi, Model UV Plus) at 750 nm wavelength. 













) = (Xm - Xi) / Tm  ...(1) 
 
Where; 
Xi = initial cell concentration (mg l
-1
) 
Xm = maximum cell concentration (mg l
-1
) 
Tm = cultivation time related to maximum cell 
concentration (days). 
 
Specific Growth Rate (µ) 
Specific growth rate (µ) and doubling time (d.t) was 




µ = (lnxX2 - lnX1) / (t2-t1)  ...(2) 
 
Where; 
X1 = cell concentration at time the t1, 
X2 = cell concentration at the time t2. 
 
Doubling Time (d.t) 
d.t = ln2/µ = 0.693/µ  ...(3) 
Where; 
µ = specific growth rate 
 
Estimation of Pigments and Dry Weight 
Wet biomass was obtained by filtration of the 
culture through 40 µm nylon net against the 
gravitational force and washed twice with deionized 
 
 
Fig. 1 — Schematic diagram of airlift culture assembly  
used to maintain the mother culture; 1-aspirator bottle (20 l),  
2-air supplied tube, 3-S. platensis culture, 4-regulator valve,  
5-teflon coated bar (3″), 6-magnetic stirrer, 7- electrical magnetic 
air pump  




water for the removal of salts on the cell surface. The 
known amount of wet biomass was used to determine 
the dry biomass. For dry weight estimation, a sample 
containing 25-50 ml algal suspension was filtered 
through a Whatman GF/C filter (47 mm diameter) 
which was dried in an oven overnight at 105ºC and 
weighed prior to filtration. While filtration, the 
sample was washed with 20 ml acidified water (pH 4) 
in order to remove /wash the algae from insoluble 
salts. The filter was put in a glass Petri dish in the 
oven under the above conditions and the weight of the 
filter paper was recorded after cooling in a desiccator 
for 20 minutes. 
 
Estimation of Phycobiliproteins 
Harvested wet biomass was mixed with 50 mM 
phosphate buffer (pH 6.8) in 1:50 w/v ratio. 
Phycobiliproteins were extracted by repeated freezing 
(-10
o
C) and thawing (28
o
C) method. Cell debris was 
removed by centrifugation at 7,000 rpm for 20 min at 
4
o
C and this crude extract was used for further 
phycobiliprotein determination. 
The absorbance of phycobiliprotein containing 
supernatant was measured by a Motras Scientific (MS) 
UV plus advanced microcontroller based double beam 
ultra-violet visible spectrophotometer (India) and 
concentrations were calculated using the following 




Estimation of Phycobiliproteins Extracted Purity 
The purity of c-phycocyanin (EPC-PC) and 
allophycocyanin (EPCAPC) extracts were monitored 
spectrophotometrically by the following equation 




Extract Purity of C-Phycocyanin (EPC-PC) 
 
EP = A620/A280  ...(4) 
 
Extract Purity Allophycocyanin (EPAPC) 
 
EP = A652/A280  ...(5) 
A620 optical density (OD) at 620 indicates the  
c-phycocyanin concentration; A652 OD at 652 
allophycocyanin concentration and A280 is the OD of 
the sample at 280, which was indicating the total 
concentration of proteins in the solution. 
 
Estimation of Carotenoids and Chlorophyll 
Wet biomass was mixed with acetone in 1:10 w/v 
ratio. The mixture was incubated for 3 h at 20
o
C. Cell 
debris was removed by centrifugation at 5,000 rpm 
for 10 min at 4
o
C and this supernatant was used for 
further determination. 
Total carotenoids estimate concentration was by 
using the following formula
 






= (A461- (0.046 x A664)) x 4  ...(6) 
A461 and A664-absorbance at 461 and 664 nm 
wavelength respectively 
Total chlorophyll concentration was estimated by 





) = A664 x 11.92  ...(7) 
 
A664- absorbance at 664 nm wavelength 
 
Estimation of Protein 
Biomass protein was extracted according to the 
method used for protein extraction of micro-algal dry-
weight (dw) used by Slocombe et al
12
. Wet biomass 
(200 mg) was suspended and vortexed in 1 ml 6%  
(w/v) trichloroacetic acid (TCA). The mixture was 
homogenized and incubated in a water bath at 95
o
C for 
15 min and then allowed to cool up to room temperature. 
The homogenate mixture was centrifuged at 7000 rpm 
for 20 min at 4
o
C and the supernatant was discarded. 
The pellets were re-suspended in 2 ml Lowry reagent D 
by repeated pipetting or vortexing and incubated for 3 h 
at 55
o
C. The sample was allowed to cool up to room 
temperature and centrifuged at 7000 rpm for 20 min at 
room temperature. The supernatant obtained was used 
for protein quantification. 
 
Protein Quantification 
Extracted protein was quantified by the method of 
Lowry et al
13
 modified by Price
14
. Following reagents 
were used for quantification. Lowry reagent A  
{2% (w/v) Na2CO3 (anhydrous) in 0.1 N NaOH}; Lowry 
reagent B {1% (w/v) sodium potassium tartrate 
tetrahydrate in H2O}; Lowry reagent C {0.5% (w/v) 
CuSO4.5H2O in H2O}; Lowry reagent D (prepared 
daily) in a 48:1:1 ratio of Lowry reagents A, B and C 
(Reagents A, B, and C were stored at normal room 
temperature). Lowry reagent E i.e. Folin-Ciocalteu 
phenol reagent (1:1 ratio of 2 N Folin-Ciocalteu phenol 
reagent: ultra-pure water) was always prepared fresh. 
For quantification of total protein, 200 µl volume of 
the above protein extract was added to 3.8 ml of Lowry 
reagent D mixed immediately by inversion. Samples 
were then incubated for 10 min at room temperature 
followed by addition of 0.4 ml of the diluted Folin-
Ciocalteu phenol reagent (Lowry reagent E). After  
30 min at room temperature, the absorbance was measured 
at 660 nm using a double-beam spectrophotometer. 
bovine serum albumin (BSA) 1 mg ml
-1
 standard 
solution was used make standard dilution series of 10, 




20, 30, 40, and 50 μg ml
-1
 of BSA was prepared for the 
standard curve of protein. 
 
Statistical Analysis 
Data were analysed by statistical package SPSS 
version 16. One way analysis of variance (ANOVA) 
and Tukey’s multiple range test was performed at a 
significance level of p<0.05 to evaluate the significant 
differences between treatments and the control. 
 
Results and Discussion 
The highest cell density was observed in the 
medium supplemented with 3 g l
-1





 day, growth in this medium 
(T2) was significantly different from other treatments 
(T1, T3 and T4) and the control. The cell density and 
other growth parameters showed an increase up to 3 g 
l
-1 
NaCl concentration, thereafter a gradual decrease in 
the growth parameter was recorded. The highest 
specific growth rate (0.49 ± 0.005 day
-1
) and the 
shortest doubling time (1.39 ± 0.01 days) was 
recorded in T2, and it significantly differed with T3, T4 
and the control. The highest cell productivity was 




) showing a 
significant difference with the other treatment and the 
control (Fig. 2). The lowest cell density, specific 
growth rate, cell productivity and the doubling time 
was noticed in control. Considering the growth 
parameters, the basal medium supplemented with  
3 g l
-1
, NaCl  showed the best growth performances  
as compared to other treatments (1, 5 and 7 g l
-1
, 
NaCl) and the control. 
The highest C-PC (131.85 ± 1.25 mg g
-1 
dw) and 
purity (1.06 ± 0.01) was exhibited in the culture 
growth with 3 g l
-1
 NaCl. However, an increase in 
NaCl concentration beyond 3 g l
-1
 showed no 
considerable effect on the phycocyanin content and 
purity. The total phycobiliprotein in the biomass also 
increased, the highest amount which was gained by  
 
 
Fig. 2 — Growth performances of S. platensis in different salt concentration (0 (C), 1 (T1), 3 (T2),  5 (T3) and 7 (T4) mg l-1 NaCl);  
A- cell density, B-specific growth rate, C- cell doubling time, D-cell productivity. 




T4 (299.41 ± 3.75 mg g
-1 
dw) and the value was 
significantly different from T1, T2 and T3. The ratio of 
PC/PE showed an apparent decrease due to an 
increase in the PE content in the biomass. The purity 
of C-PC showed an increase up to 3 g l
-1
, NaCl 
supplementation followed by a decrease at higher 
concentrations of NaCl. Allophycocyanin (APC) 
purity showed a similar trend where a gradual 
decrease in purity was noticed with increasing NaCl 
concentration in the medium. Total carotenoids and 
protein content increased with the NaCl concentration 
in the medium, the highest values were recorded in  
T4 (carotenoids 1.49 ± 0.01 mg g
-1 
dw, protein  
629.30 ± 19.30 mg g
-1 
dw). However, the increments 
of this total carotenoid and the protein content  
were not significantly different when compared to T2. 
Total chlorophyll content in the media showed 
insignificant variation up to 5 g l
-1
, NaCl. The total 
chlorophyll content decreased at the highest 
concentration of NaCl (7 g l
-1
) (Table 1; Fig. 3). 
The Zarrouk’s medium
 
is the most commonly used 
growth medium for biomass production of Spirulina
15
. 
However, the cost of the medium is higher due to the 
higher cost of the chemicals required. In the present 
study, higher growth was recorded in modified 
Nallayam Research Centre media (m-NRC media) 
with 1 g l
-1 
NaCl compared to Zarrouk’s medium. 
Reduction of NaCl in the medium had an effect on the 
biomass quantity and pigment quality. Graded 
concentrations of NaCl (1.0, 0.5, 0.25 g l
-1
) showed 
that optimum growth performance was exhibited in 
the standard Zarrouk’s medium supplemented with  
1 g l
-1
. That experiment revealed that growth rate in 
0.5 g l
-1 
NaCl was comparably lesser than the Zarrouk 
medium (1 g l
-1
) and also, a further reduction to  
0.25 g l
-1
 lead to a significant reduction in growth.  
Also, in the present experiment showed the slowest 
growth in 0 g l
-1 
NaCl. Increase in the concentration of 
the salt in the media increased the growth and 
pigment production up to a certain extent however, a 
decline was observed thereafter. It is reported that salt 
tolerance ability of the strains of the S. platensis in 
five strains of Spirulina cultured in modified Zarrouk 
medium with different NaCl concentrations
16
 of 200 
to 800 mM (11- 44 g l
-1
). According to the study, five 
salt tolerant strains of Spirulina exhibited remarkable 
growth in the medium containing 200 and 400 mM 
NaCl concentrations, but the growth rate significantly 
decreased above 600 mM NaCl. In this investigation, 
the growth rate and cell productivity of S. platensis 
showed a decreasing trend with the increasing salt 
(NaCl) beyond 3 g l
-1
. The present study the highest 
growth rate was recorded in the range 1-3 g l
-1 
NaCl 
concentration. Comparable results were found in mass 
cultivation S. platensis at different salinity (5, 15, 25 
and 35 ppt) and the highest average mean growth was 
observed at 5 ppt salinity, which was significantly 
higher than 25 and 35 ppt. 
A similar trend in c-phycocyanin (CPC) and 
carotenoid production was reported by Liu et al
17
. In the 
present experiment, the highest CPC content was 
obtained in T2 where 131.85 ± 1.25 mg g
-1 
of CPC was 
recorded which was significantly different from other 
treatments. In an earlier report, comparably higher  
CPC (20.4 ± 0.7% of the dw) was reported by 
Chaiklahan et al
18 
in the population grown in Zarrouk’s 
medium containing 1 g l
-1 
NaCl. The difference in  
the CPC content can be attributed to the supplementation 
of micronutrient in the Zarrouk medium. Kumar et al
19
 
reported 1.5 to 2 g l
-1 
NaCl concentrations maintained 
Table 1 — Cell productivity, pigments and protein content of S. platensis against the different concentration of NaCl at the  
end of the 14thday 
Parameter 
Treatment (different NaCl concentration) 
C (0 g l-1) T1 (1 g l
-1) T2 (3 g l
-1) T3 (5 g l
-1) T4 (7 g l
-1) 
Cell productivity (mg l-1 day-1) 16.29 ± 0.21a 34.02 ± 0.24d 36.09 ± 0.32e 32.10 ± 0.34c 28.15 ± 0.22b 
CPC (mg g-1 dw) 117.90 ± 1.84b 127.64 ± 1.63cd 131.85 ± 1.25d 120.14 ± 4.08bc 96.68 ± 4.29a 
APC (mg g-1 dw) 99.71 ± 2.89ab 93.63 ± 0.23a 93.24 ± 4.50a 107.20 ± 2.97b 126.24 ± 3.73c 
PE (mg g-1 dw) 36.63 ± 0.08a 36.68 ± 0.94a 37.60 ± 0.75a 68.82 ± 2.07b 76.48 ± 2.89c 
TPP (mg g-1 dw) 254.24 ± 1.16ab 257.96 ± 1.88b 262.69 ± 3.31b 296.17 ± 1.16c 299.41 ± 3.75c 
EPCPC (A620/A280) 1.04 ± 0.01a 1.04 ± 0.01a 1.06 ± 0.01a 0.88 ± 0.04b 0.73 ± 0.02c 
EPAPC (A 652/A280) 0.76 ± 0.01a 0.714 ± 0.00ab 0.71 ± 0.02b 0.66 ± 0.01c 0.67 ± 0.03c 
Total carotenoids (mg g-1 dw) 1.24 ± 0.00ab 1.15 ± 0.13a 1.32 ± 0.01abc 1.36 ± 0.01bc 1.49 ± 0.01c 
Total chlorophyll (mg g-1 dw) 2.78 ± 0.00ab 2.77 ± 0.01ab 2.80 ± 0.04b 2.81 ± 0.02b 2.70 ± 0.04a 
Protein (mg g-1 dw) 517.30 ± 9.20a 588.60 ± 10.90b 605.30 ± 0.18bc 605.90 ± 0.38bc 629.30 ± 19.30c 
Values with the same superscript in a row did not show any significant difference (p > 0.05). (CPC- phycocyanin, APC- allophycocyanin, 
PE- phycoerythrin, TPP- total phycobiliproteins, EPPC- extract purity phycocyanin and EPAPC- extract purity allophycocyanin. 




in the medium was most suitable for phycobiliprotein and 
carotenoids production. Considering the total chlorophyll 
content 23.20 µg ml
-1
 was reported in 0.5 g l
-1 
NaCl 
which was comparable with that amount obtained in  
1.0 g l
-1 
NaCl in the medium reported by Kumar et al
19
.  
In the present study also, the total chlorophyll content in 
the media showed insignificant variation with varying  
NaCl concentration in the medium. In the present 
experiment, the phycocyanin concentration was less in 
the higher salt concentration when compared with  
the T2. This result may due to photo inhibition of  
the photosynthesis which was significantly enhanced 
under the salinity-stress condition. Chlorophyll is a  
core photosynthetic pigment and phycobilin are  
the accessory pigment in the photosystem II (PS II)  
has the primary function of photolysis of water and 
transporting electrons through an electron transport 
chain to generate ATP and NADPH
20
. Thus, PS II 
activities of cells substantially decreased after a salt 
shock. Sandeep et al
21
 reported 59.00 ± 0.43 to 59.93 ± 
0.89% protein g
-1
 (dw) of the biomass, cultured in  
m-NRC media supplemented with 5 g l
-1 
NaCl. A 
comparably higher protein content (605.93 mg g
-1 
protein corresponding to 60.59% g
-1
 dw) was  
estimated in T2. Comparable results were reported by 
Rafiqul et al
27
, who reported 58.60% of total protein 





also reported that cells face a stress 
condition under high salt concentrations which 
suppresses the protein synthesis. 
The present study provides evidence for the 
improvement of protein and pigment content in  
S. platensis by increasing NaCl above to 3 g l
-1 
reduced the CPC content in the biomass. However, 
the amount of APC and PE increased with NaCl 
concentration. Thus, the salt concentration (NaCl) 
was a significant factor for the determination of 
biomass production and pigment quality. 
 
 
Fig. 3 — Pigments and protein content of S. platensis in different salt concentration {0 (C), 1 (T1), 3 (T2), 5 (T3) and 7 (T4) mg l-1 
NaCl}; A-phycobiliproteins (CPC- phycocyanin, APC- allophycocyanin, PE-phycoerythrin TPP- total phycobiliproteins), B- purity ratio 
(EPPC- extract purity phycocyanin, EPAPC- extract purity allophycocyanin) C- total carotenoids and total chlorophyll, D-protein content 
 





The growth rate of Spirulina (Arthrospira) 
platensis can be increased by increasing NaCl 
concentration from 0 to 3 g l
-1
 in the m-NRC medium. 
Beyond the 3 g l
-1 
NaCl will reduce the growth,  
c-phycocyanin content and its purity. Total 
carotenoids and protein in 3 g l
-1 
NaCl showed highest 
c-phycocyanin content without reducing the overall 
yield of the biomass. Therefore, 3 g l
-1 
NaCl is 
recommended for amendment of the medium where  
5 g l
-1
 is the prescribed concentration. The amendment 
will reduce the cost of the medium without affecting 
the biomass and pigment yield. 
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